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(54) Controllable filter 

(57) The application relates to a controllable filter 
(1) that Is placed between an antenna on the one side 
and a receiver and transmitter on the other, where the 
receiver branch can be switched between two filter 
characteristics. In this way. a simple device for allowing 
simplex reception in tiie transmission band can be pro- 
vided. This filter is preferably applied as a frontend filter 
(FP) in the fixed part of a cordless telephone systan 
and/or in a mobile station to thereby provide said mobile 
station with walkie-talkie capabilities. 
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Description 

Background of the invention 



[0001] The present invention relates to a controllable 
filter for being interposed between an antenna on the 
one side and a receiver and a transmitter on the other 
side, such as a frontend filter for a communication 
device, for example a radio telephone apparatus. 
[0002] Recently, telephone systems that combine cel- 
lular telephone capabilities and cordless telephone 
capabilities have been proposed. Such an anBngement 
is schematically shown in Fig. 5. As can be seen in Fig. 
5, the cordless telephone system (CTS) consists of a 
so-called f ixed part FP and a mobile hand-set MS. Com- 
munication between the f ixed part FP and the mobile 
hand-set is conducted along an uplink band, which is 
associated with the transmitter TX of the mobile part 
and the receiver RX of the fixed part. Equally, a down- 
link band is provided, which is distinct from the up-llnk 
band, with which the transmitter TX of the fixed part FP 
and the receiver RX of the mobile part is associated. 
[0003] Furthermore, the mobile part MS can also 
communicate with the base transceiver station BTS that 
belongs to a cellular network. Such a dual-mode hand- 
set will typically be controlled to communicate with the 
f ixed part of the cordless system when in range of said 
fixed part, and othenwise to communicate with the cellu- 
lar system. In this way, a user of the hand-set can take 
advantage of the lower costs associated with the cord- 
less phone that is attached to the PSTN (public 
switched telephone network) when in range of the f ixed 
part of the cordless phone, and othenwise to nonethe- 
less always have an operable telephone, at least as 
long as the user is in range of a base transceiver station 
BTS. 

[0004] Regarding the communication bands for the 
base transceiver station BTS and the mobile hand-set 
MS. these con'espond exactly to those between the 
mobile hand-set MS and the fixed part FP of the cord- 
less telephone system, as can again be seen from Fig. 
5. It may be noted that the term "up-link" in the context 
of this application describes communication from the 
mobile device, and the term "down-link" describes com- 
munication to the mobile device. 
[0005] In the above described type of system, a close 
monitoring and sophisticated selection of operating fre- 
quencies is required, such that the communication 
between a given mobile station MS and a cordless fixed 
part does not interfere with the communication in the 
cellular system. Conventionally, this type of frequency 
management is handled by the mobile station, which 
receives conresponding information from the base 
transceiver station, as indicated by a dashed line arrow 
along the down-link from the base transceiver station to 
the mobile station in Fig. 5, The mobile station then cor- 
respondingly informs the fixed part, as indicated by a 
dashed line arrow along the uplink between the mobile 



station and the fixed part. 

Qrf^ t ^m underlying the invention 

5 [0006] This conventional approach, however, has a 
problem in that interference can nonetheless occur, 
namely if a rearrangement of the cellular frequaicies 
takes place while there is no mobile station logged on to 
the cordless telephone system, and consequently the 
10 fixed part of said cordless telephone system cannot be 
informed of the rearrangement. In this case, the fixed 
part will continue to transmit on the same beacon chan- 
nel (which is the CTS equivalent of the broadcast con- 
trol channel BCCH in GSM) and thereby possibly 
15 interfere with the traffic on the cellular network. 

[0007] It is therefore desirable to enable the fixed part 
FP of the cordless telephone system to also receive 
information from the base transceiver station. One pos- 
sibility of achieving such a comnuinication is indicated 
20 in Fig. 6, in which the fixed part receives an additional 
receiving capability in the down-link band to thereby be 
able to also receive downlink transmissions sent out by 
the base transceiver stations. 



25 Object of the invention 

[0008] It is the object of the present invention to pro- 
vide a device for enabling the above described type of 
communication, which at the same time is low in cost 
30 and efficient. 

Summary of the invention 

[0009] This object is solved by a controllable filter for 
35 being interposed between an antenna on the one side 
and a receiver and a transmitter on the other side, hav- 
ing a first terminal leading to the antenna, a second ter- 
minal leading to the receiver and a third terminal leading 
to the transmitter, wherein the controllable f ilter is capa- 
40 ble of being controlled to selectively provide at least a 
first and a second filter characteristic with respect to fre- 
quency between said first terminal and said second ter- 
minal. 

[001 0] The basic structure of the invention is shown in 
46 Fig. 8, in which 1 denotes the controllable filter. 2 an 
antenna. 3 a receiver. 4 a transmitter. 12 the first termi- 
nal or antenna terminal, 13 the second terminal or 
receiver terminal, 14 the third terminal or transmitter ter- 
minal. 5 a control circuit and 51 a control signal. 
50 [0011] As can be seen, the basic concept of the inven- 
tion consists in splitting the signal from or to the antenna 
along three paths of filtering characteristics, where two 
of said three paths are recombined. More specifically, 
as can be seen, the control signal 51 determines if the 
55 uplink path between terminals 12 and 13 or the down- 
link path is selected, where each path has its own fre- 
quency characteristic. In this way, e.g. a fixed part of a 
cordless telephone using such a filter as a frontend fitter 
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has a reception and transmission capacity in the down- 
link band, and also retains its reception capability in the 
iqalink band, but nonetheless only requires one receiver 
and one transmitter. In other words, in a communication 
device using the above mentioned filter, a simplex oper- 
ation (listen mode) can be provided, such that no addi- 
tional receiving or transmitting means are necessary. 
[0012] It should be noted that the above described fil- 
ter device is not restricted to being applied in the fixed 
part of a cordless telephone system. Much rather, the 
application to any communication system that may 
advantageously employ the above mentioned simplex 
listening operation is possible. For example, another 
advantageous application of the controllable filter of the 
present invention is in mobile hand-sets that function in 
accordance with any given mobile standard, where the 
use of the filter of the invention as a front-end filter 
allows the providing of a walkie-talkie function, i.e. two 
hand-sets may directly communicate with one another 
without the intervention of the cellular system. This is 
again achieved by not adding a second receiver and 
second transmitter to the mobile station, but by letting 
the mobile station aquire receiving and transmission 
capability in one common band, for instance by a sec- 
ond receiving path in the uplink band. 

Brief description of figures 

[001 3] The present invention will be better understood 
from the description of detailed embodiments, where 
said description refers to attached figures, in which 

Fig. 1 shows a first embodiment of the present 
invention; 

Fig. 2 shows a second emtxxiiment of the inven- 
tion; 

Rg. 3 shows a third embodiment of the invention; 

Rg. 4 schematically shows a controllable PIN 
diode switch; 

Fig. 5 is an explanatory diagram for indicating the 
transmission and reception along up-links 
and down-links for a mobile station that can 
communicate with a cellular network and 
the fixed part of a cordless telephone sys- 
tem; 

Rg. 6 is a diagram based on Fig. 5, in which addi- 
tionally a reception function in the downlink 
band at the fixed part of the cordless tele- 
phone system is indicated; 

Fig. 7a schematically shows a duplex filter; 

Fig. 7b schematically shows an actively switched 



filter; and 

Rg. 8 shows a basic structure of the present 
invention. 

Detailed description of embodiments 

[001 4] In the following, numerous embodiments of the 
basic filter construction shown in Fig. 8 will be pre- 
sented. In terms of components, the present invention 
preferably employs duplex filters, which for themselves 
are known, and actively controlled switches, such as 
transmission/reception switches (T/R-switches), which 
are also for themselves known in the field of filter con- 
struction. 

[001 5] A duplex filter is schematically shown in Fig. 7a 
and a conventional frontend filter using a T/R-switch 
and separate filters is shown in Fig. 7b. The duplex filter 
of Fig. 7a has a band-pass characteristic between tiie 
antenna and the receiver, and a low-pass characteristic 
between the antenna and tiie transmitter. As can be 
seen, the duplex filter is not actively controlled and pro- 
vides two functions in one. namely it filters and splits the 
signal. In the context of this specification, tiie term 
duplex filter will refer to any construction having these 
properties. 

[0016] In tiie arrangement shown in Fig. 7b, the split- 
ting is achieved by the T/R-switch and tiie filtering by the 
separate, individual filters, which as in the case of Rg. 
7a provide a band pass characteristic in the reception 
branch and a low pass charactertetic in the transmission 
branch. 

[001 7] The strengtiis of the duplex filter lie in the good 
isolation of the transmission and reception branches, a 
matching to 50 Q, sudi that little external components 
are required, and the already mentioned double func- 
tion of filtering and splitting. Weak points of tiie duplex 
filter lie in elevated corrponent costs. Strengtiis of tiie 
actively switched filter of Fig, 7b. where the T/R-switch 
e.g. uses PIN diodes as switching elements, are a low 
insertion loss, k>w component costs and flexibility due to 
the use of two separate filters for the transmission 
branch and reception branch, respectively. The weak- 
ness lies in the low isolation of the two branches, which 
typically requires additional circuitry 
[0018] A first embodiment of the present invention is 
shown in Fig. 1. Elements tiiat correspond to those 
already shown in Fig. 8 carry the same reference 
numeral and shall not be described again. As can be 
seen, tfie first embodiment uses a controllable switching 
means 17 for splitting tiie antenna connection 12 into 
three branches, and uses a duplex filter 15 for re-com- 
bining the two branches that relate to reception, i.e. an 
up-link reception branch and a down-link reception 
branch. Moreover, a filter 16 is provided, for producing 
the desired filter characteristic between the antenna ter- 
minal 12 and tiie transmitter terminal 14 of the control- 
lable filter 1. 



EP0978939A2 4 



5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP0978 939A2 



6 



[001 9] Preferably, the filter characteristic of filter 1 6 is 
such that it overlaps with the filter characteristic in the 
down-link branch leading to the r^eiver 3, i.e. the filter 
characteristic between terminals 151 and 153 of duplex 
filter 15. Examples for the different characteristics in the 
case of a dual-mode cordless and cellular sytem in 
accordance with GSM are that the filter between termi- 
nals 151 and 152 provides a band-pass characteristic 
centered around 902,5 MHz, that the filter characteristic 
between terminals 151 and 153 is a band-pass charac- 
teristic centered around 947,5 MHz and that the filter 
characteristic of filter 16 is a low-pass with a threshold 
of 960 MHz. It should, however, be noted that these are 
only examples in the context of the present embodi- 
ment, and that the filter of the present invention can use 
any suitable or desirable filter characteristic in the given 
branches, depending on the problem at hand. However, 
due to the fact that the prefen^ed application of the 
present invention is to a fixed part of a cordless tele- 
phone system and/or a mobile station, it is preferable 
that the individual elements and circuits be designed to 
function in an RF frequency range from 500 MHz to 
6000 MHz. 

[0020] The switching element 17 can be any suitable 
or desirable circuit fulfilling the basic requirements for 
signal splitting. For example, a switch using PiN-diodes 
as switching elements is possible, in which case the 
control signal is an appropriate cun^ent to each of the 
diodes, or GaAs FETs can be used as switching ele- 
ments, in which case an appropriate gate voltage is 
used as a control signal for setting the transistors in a 
transmitting or blocking state. It may be noted that both 
of these switching techniques are well known in the art 
and therefore need not be repeated here. 
[0021] Equally, the individual filters 15, 16 may be 
given in any suitable or desired way, e.g. in accordance 
with known techniques for given frequency ranges. For 
example, in the above mentioned frequency range 
arourxJ 1000 MHz SAW-f liters (Surface Acoustic Wave 
filters) are well known and suitable. Naturally, any other 
suitable technique for the given frequency range can be 
employed, as the invention is not restricted or directed 
to a specific type of filter technology. 
[0022] Due to the use of duplex filter 1 5 in the struc- 
ture of the first embodiment, i.e. a passive filter that ful- 
fills the dual function of splitting and filtering, the 
employment of splitting switches on both sides of filter 1 
is not necessary In other words, if in place of filter 15 
two separate fitters of the same type as filter 1 6 were to 
be used, then an additional controlled switch would 
have to be introduced at terminal 1 3. because othenA/ise 
a direct connection of two such separate filters having 
different filter characteristics would lead to an undeter- 
mined performance, because the port impedance of an 
individual filter is only specified inside its pass-band. 
Additionally, in the event that switches using PIN diodes 
were to be used in the above mentioned hypothetical 
construction, said PIN diodes being controlled by a cur- 



rent, then additional DC by-pass elements in parallel to 
the separate filters wouki be necessary, so that the 
same diode current could be used for the switches on 
txith sides, in order to minimize the current consumption 

5 and the control circuitry 

[0023] The above described circuit of the first embod- 
iment avoids all of these problems. 
[0024] Also, an advantage of arranging the duplex fil- 
ter 15 at the receiver terminal 13 of filter 1 lies in the fact 

10 that thereby a specification in terms of high input power 
for the duplex filter is not necessary This is due to the 
fact that both bands provkled by the duplex filter are 
receiver bands. 

[0025] A second embodiment of the present invention 
IS is shown in Fig. 2. Elements already described in con- 
nection with Figs. 1 and 8 carry the same reference 
numerals and shall not be described again. As can be 
seen from Fig. 2, the difference to the first embodiment 
shown in Fig. 1 lies in the fact that the duplex filter 15 is 
20 now provided at the antenna terminal 12 of the filter 1 . 
Also, a switching means 18 is provided, that acts as 
both an up-link/down-link and a transmitter/receiver 
switch. 

[0026] In order to better explain the operation of the 

25 circuit shown in Fig. 2, it is assumed that the shown filter 
is being used in the fixed part of a cordless telephone 
system, and that therefore an up-link receiver branch, 
down-link receiver branch and a down-link transmitter 
branch need to be provided. In this connection it may 

30 already be noted that in the event of employing the filter 
in a mobile station in order to provide walkie-talkie fea- 
tures, the references "up-link" and "down-link" in Figs. 1 , 
2 and 3 would simply have to be exchanged. 
[0027] Returning to the example of an application to 

35 the fixed part of a cordless telephone system, the 
duplex filter provides an uplink characteristic between 
terminals 151 and 152, and a downlink characteristic 
between terminals 151 and 153. The controllable switch 
18 is such that the uplink receiver characteristic is given 

40 if terminal 152 of duplex filter 15 is connected to termi- 
nal 13 of the filter, the down-link receiver characteristic 
is given if terminal 153 of the duplex filter 15 is con- 
nected to terminal 1 3 of filter 1 . and the down-link trans- 
mitter characteristic is provided if terminal 153 is 

45 connected to transmitter terminal 1 4 of filter 1 . 

[0028] As may be seen from this operation, the filter 
18 can basically be of any suitable or desirable type, but 
preferably it has a feirly simple structure, e.g. as shown 
in Fig. 4 for the case of PIN diodes, as only the atx>ve 

so mentioned three connections have to be switchable. 
[Q029] Naturally, as already mentioned in connection 
with Rg. 1, GaAs FETs can also be used as switching 
elements in the control switch 1 8. 
[0030] Also as in the case of Fig. 1, the precise filter 

ss characteristics and frequency values used in duplex fil- 
ter 15 depend on the indivklual preferences and 
requirements, but an exanrple for an application to the 
above mentioned mobile stations and/or fixed part of a 
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cordless telephone system would preferably lead to fil- 
ter 15 having a first band pass characteristic around 
902,5 MHz fbr the up-linK and a second band pass 
characteristic around 947,5 MHz fbr the down-link. 
These would be suitable frequencies for a GSM system. 
[0031 ] Although the present invention can basically be 
applied in any frequency range, it is preferable that all of 
the filters and other elements be an^nged to function in 
a frequency range between 500 and 6000 MHz. 
[0032] As can be seen from the arrangement shown 
in Rg. 2, the filter 16 of the first embodiment (see Rg. 1) 
fbr the downlink transmission branch may be onnitted. 
Consequently, the second embodiment provides the 
advantage of even less elements, and therefore saves 
cost and space. 

[0033] On the other hand, the structure of Fig. 2 
imposes higher demands on duplex filter 15, as the 
downlink filter h^ to fulfill both reception and transmis- 
sion characteristics, i.e. an increased power specifica- 
tion, as well as the attenuation of harmonics. If it is 
desired to reduce the demands on the duplex filter 15. 
then the second embodiment of Rg. 2 can be modified 
in accordance with the third embodiment, shown in Rg. 
3. The third emtxxiiment of Rg. 3 is identical to that of 
Fig. 2, except that additionally a downlink transmission 
filter 19 has been incorporated between the transmitter 
terminal 14 of filter 1 and the controllable switch 18. The 
role and characteristics of filter 19 are identical to those 
of filter 1 6 used in the first embodiment shown in Fig. 1 , 
so that a repeated description is not necessary. 
[0034] As already mentioned previously, the use of 
"up-link" and "down-link" served the purpose of better 
explaining the operation of the invention in conjunction 
with what was described in Figs. 5 and 6, but the 
present invention is by no means restricted thereto. For 
example, when applying the filter structure of the 
present invention to a mobile station in order to achieve 
walkie-talkie capabilities, then the reference UPLIbr up- 
link and DNL fbr down-link in Figs. 1, 2 and 3 would 
have to be exchanged. 

[0035] Also, although the present invention has been 
described in conjunction with specific embodiments, 
this serves the purpose of a complete and clear descrip- 
tion, and by no means restricts the present invention, 
which is defined by the appended claims. Reference 
signs in tiie claims serve the purpose of enhancing 
understanding and do not restrict the scope of flie 
claims. 

Claims 

1. Controllat)le filter (1) for being interposed between 
an antenna (2) on tiie one side and a receiver (3) 
and a transmitter (4) on the other side, having a first 
terminal (12) leading to the antenna (2). a second 
terminal (13) leading to tiie receiver (3) and a third 
terminal (14) leading to the transmitter (4), wherein 
said controllable filter (1) is capable of being con- 



trolled to selectively provide at least a first and a 
second filter characteristic with respect to fre- 
quency between said first terminal (12) and said 
second terminal (13). 

5 

2. A controllable filter (1 ) according to claim 1 , 
characterized in that a third filter characteristic is 
provided between tiie first (12) and tiiird terminal 
(1 4). and tiie tiiird filter characteristic and one of the 

10 first and second filter characteristics overlap witii 
respect to tiie frequencies that said filter character- 
istics allow to pass. 

3. A controllable filter (1) according to claim 1 or 2, 
IS characterized in tiiat said controllable filter (1 ) com- 
prises a duplex filter (15) having a fourth (151). fiftii 
(152) and sixth (153) terminal, wherein said duplex 
filter (15) provides said first filter characteristic 
between said fourth (151) and fifth terminal (152), 

20 and said duplex filter (15) provides said second fil- 
ter characteristic between said fourtii (151) and 
sixth terminal (153). 

4. A controllable filter (1 ) according to claim 3. 

25 characterized in that said fourth terminal (151) of 
said duplex filter (15) is provided at said second ter- 
minal (13) of said confrollable filter (1). 

5. A controllable filter (1 ) according to claim 4, 

30 characterized in that a filter (16) with a specified 
characteristic with respect to frequency is con- 
nected to said third temilnal (1 4) of said controllable 
filter (1). and a controllable switch (17) is provided 
between said first terminal (12) of said controllat3le 

35 filter (1) and said fifth (152) and sixtti (153) termi- 
nals of said duplet filter (15) as well as said filter 
(1 6). said controllable switch (1 7) being arranged to 
selectively connect said first terminal (12) with one 
of said fiftii terminal (152), said sixtii terminal (153) 

40 and said filter (16). 

6. A controllable filter (1 ) according to claim 5, 
characterized in tiiat said filter (16) has a lowpass 
characteristic, and said duplex filter (15) provides a 

45 bandpass characteristic between said fourth (151) 
and said fifth (152) terminals, and also provides a 
bandpass characteristic between said fourth (151) 
and said sixtti (153) terminals. 

50 7. A controllable filter (1 ) according to daim 3, 

characterized In that said fburtii terminal (151) of 
said duplex fitter (15) is provided at said first termi- 
nal (12) of said controllable filter (1). 

55 8. A controllable filter (1 ) according to claim 7, 

characterized in tiiat a controllable switch (18) Is 
provided between said duplex filter (15) and said 
second and tiiird terminals (13. 14) of said control- 
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lable filter (1), said controllable filter (18) being 
arranged to 

selectively connect or disconnect ScUd fifth ter- 
minal (152) and said second terminal (13). 
selectively connect or disconnect said sixth ter- 
minal (153) and said second terminal (13), and 
selectively connect or disconnect said sixth ter- 
minal (153) and said third terminal (14). 

9. A controllable filter (1 ) according to claim 8, 
characterized in that said duplex filter (1 5) provides 
a bandpass characteristic between said fourth 
(151) and said fifth (152) terminals, and also pro- 
vides a bandpass characteristic between said 
fourth (151) and said sixth (153) terminals. 

1 0. A controllable filter (1) according to claim 7. 
characterized in that a filter (19) having a specified 
characteristic with respect to frequency is con- 
nected to said third terminal (1 4) of said controllable 
filter (1). and a controllable switch (18) is provided 
between said duplex filter (15) on the one side and 
said second terminal (13) of said controllable filter 
(1) and said filter (19) on the other side, said con- 
trollable filter (18) being arranged to 

- selectively connect or disconnect said fifth ter- 
minal (152) and said second terminal (13), 
selectively connect or disconnect said sixth ter- 
minal (153) and said second terminal (13). and 

- selectively connect or disconnect said sixth ter- 
minal (153) and said filter (19). 

11. A controllable filter (1) according to claim 10, 
characterized in that said filter (19) has a lowpass 
characteristic, and said duplex filter (15) provides a 
band^sass characteristic between said fourth (151) 
and said fifth (152) terminals, and also provides a 
bandpass characteristic between said fourth (151) 
and said sixth (153) terminals. 

12. A controllable filter (1) according to daim 5 or 8, or 
a claim d^Dending on claim 5 or 8, characterized in 
that said controllable switch (1 7; 18) comprises PIN 
diodes as controllable switching elements. 

13. A controllable filter (1) according to daim 5 or 8. or 
a claim depending on claim 5 or 8, characterized in 
that said controllable switch (17; 18) comprises 
GaAs field effect transistors as controllable switch- 
ing elementa 

14. A controllable filter (1) according to one of claims 1 
to 13. characterized by being arranged to function 
in the frequency range between 500 MHz and 6000 
MHz. 



15. A controllable filter (1) according to one of claims 1 
to 14, characterized by being provided in the fixed 
part of a cordless telephony system. 

5 1 6. A controllable filter (1 ) according to daim 1 . 

characterized by being provided in the fixed part of 
a cordless telephony system, a third filter character- 
istic being provided between the first (12) and third 
terminal (14). and the third filter characteristic and 
10 one of the first and second filter characteristics 
overlapping with respect to the frequencies that 
said filter characteristics allow to pass, where said 
first filter characteristic is assodated with an uplink 
reception band, said second filter characteristic is 
IS assodated with a downlink reception band, and 
said third filter characteristic is associated with a 
downlink transmission band. 

17. A controllable filter (1) according to one of claims 1 
20 to 14. characterized by being provided in a mobile 

communication device. 

18. A controllable filter (1) according to daim 1 7, 
characterized in that said mobile communication 

25 device is a mobile telephone. 

19. A controllable filter (1) according to daim 1 . 
characterized by being provided in a mobile com- 
munication device, a third filter characteristic being 

30 provided between the first (12) and third terminal 
(1 4), and the third filter characteristic and one of the 
fffst and second filter characteristics overlapping 
with respect to the frequencies that said filter char- 
acteristics allow to pass, where said first filter char- 

35 acteristic is associated with a downlink reception 
band, said second filter characteristic is associated 
with an uplink reception band, and said third filter 
characteristic is associated with an uplink transmis- 
sion band. 

40 
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